A total of 1,669 finishers, from 167 Danish pig herds delivering to 3 abattoirs, were included in a study on association between Salmonella bacteriology and serology (measured as individual, group and herd serology). Salmonella bacteria were measured in caecal-content and on carcass surface. An analysis of carcass swab samples from finishers from herds with lower levels of Salmonella demonstrated association with individual and herd serology as well as abattoir. Pigs from herds with high levels of Salmonella had a much higher probability of positive carcass swabs, and here, there was no association with serology no matter how it was measured; the only significant difference was observed between abattoirs. The results indicate that a Salmonella surveillance based on herd serology will only identify a part of the Salmonella burden. Moreover, focus should be paid to the abattoir as it is possible to slaughter pigs with Salmonella without jeopardizing food safety.
Introduction
The Danish nation-wide Salmonella Surveillance Programme for finishing pig herds is based on antibody analyses of meat-juice samples collected at the abattoir (Mousing et al., 1997; Nielsen et al., 1998) . In summary, the surveillance is based on samples taken at previous slaughters, and the herd serology is used to assign the herds to one of three levels on a monthly basis (Alban et al., 2002) .
The results presented in this paper are a part of a larger study conducted by Sørensen et al. (2004) . In that study, a strong correlation between herd serology (proportion of seropositive finishers) and presence of Salmonella in the caecal-content and on the carcass was found. This implicates, that the surveillance will identify herds with many excreters. Pigs from these herds are slaughtered under special hygiene precautions (sanitary slaughter).
The question is how well surveillance based on a three-month herd classification deals with the Salmonella burden in a pig population? Individual variations, variation between abattoirs as well as variations in the herd over a shorter time might account for a substantial part of the Salmonella burden that will not be picked-up by the current surveillance. In order to address this, the present paper aimed at elucidating the individual correlations as well as looking on the effect of abattoir and way of slaughter (ordinary/sanitary).
Materials and Methods
The study was carried out from March to October 1999. The herds were selected according to their herd serology to represent all levels of Salmonella burden based on data from the national surveillance. The samples were collected at 3 Danish abattoirs (A, B, C). Abattoir A and C performed sanitary slaughter of Level 3 finishers, whereas abattoir B did not perform sanitary slaughter. The pigs arrived at the abattoir after around 1 hour of transport, and remained a maximum of 1 hour in the lairage, separated from other pigs. Thereby, the caecal-content sample was expected to represent mainly the bacterial load originating from the herd of origin, and only to a minor degree pick-up during transport and lairage. From each herd, samples were collected from 10 animals to ensure that the variation within a herd was represented at least to some extent. Cross-contamination was defined as findings of Salmonella on the carcass of a finisher, where Salmonella was not found in the caecal-content.
For bacteriological examinations, one caecal-content sample and one carcass swab were taken from each animal. A meat juice sample was also taken from each carcass for serological analysis. The samples were marked; enabling trace-back of all samples to the specific carcass, and thereby, the herd of origin.
From the caecum, a total of 50 ml caecal-content was transferred to a plastic container, and 25g were used for analysis. The ham, the pelvis, the total breast cut, and the surrounding 5cm of skin were swabbed with two tampons on the slaughter line, yielding a total swabbed area of 1,400cm2 of the carcass. The bacteriological examinations were performed according to the NMKL no. 71 with the Danish Veterinary & Food Administration's modifications or by use of the Eiafoss at the abattoirs' officially approved laboratories.
First, the associations between presence of Salmonella on the carcass and 1) individual serology (measured as OD%) and 2) group serology (GROUP_OD%: the sum of the serology of the 10 animals delivered together -an indicator for the Salmonella burden in the herd at the time of slaughter) and 3) herd serology (HERD_OD%: percentage of positive samples taken in the herd during 3 months prior to the study by use of cut-off 40 OD% -an indicator of the general burden of Salmonella in the herd) were inspected by plotting of the data. Moreover, the effect of abattoir (A, B, C) and way of slaughter (sanitary slaughter or not) were investigated.
Next, a logistic regression model was made by use of the procedure PROC MIXED (SAS, 1996) . If a plot demonstrated a linear association with one of the variables representing serology, this variable was introduced as a covariate into the model. If the association was non-linear, serology was grouped into an appropriate number of classes, and this class variable was introduced. The main effects were included if the associated p-value was <0.05. Presence of interaction between two explanatory variables was investigated, and an interaction term was included if the associated p-value was <0.05. Over-dispersion due to clustering within a herd was dealt with by use of the GLIMMIX macro.
Results A total of 1,665 carcass swabs were analysed and Salmonella was found in 159 (9.5%) of these samples. A total of 1,658 caecal-content samples were analysed and Salmonella was found in 216 (13.0%) of these samples.
Only the bivariable analyses that were statistically significant are presented in the following. For the finishers originating from herds with no, low or medium burden of Salmonella (Level 1 and Level 2 herds), a high individual OD% (>60) was associated with a 3 times higher risk of finding Salmonella on the carcass. Likewise, a high level of group serology (GROUP_OD%>300) was associated with a 3 times higher risk of finding Salmonella on the carcass than a low level of group serology. Moreover, a moderate or high level of herd serology (HERD_OD%>10) was associated with a 14 times higher risk than a low level of herd serology (HERD_OD%≤10). Finally, abattoir A was associated with a 2 times higher risk of Salmonella than abattoir C, whereas abattoir B resembled abattoir C (Table 1) . For the finishers originating from herds with a high Salmonella burden (Level 3 herds) there was generally a high prevalence of Salmonella in the carcass swab samples, irrespective of serology. Abattoir B (RR=10) and C (RR=3) were associated with a much higher risk of Salmonella on the carcass than abattoir A (RR=1).
The results of the multiple regression analyses of data from finishers from Level 1 or 2 identified a concurrent significant association between individual and herd serology and the presence of Salmonella bacteria in the carcass swab. A high individual 28 ORAL PRESENTATIONS SafePork 2005 Table 1 : Bivariable association between Salmonella serology (measured at individual, group and herd level, respectively) and abattoir and presence of Salmonella in 1,291 carcass swab samples from Danish slaughter pigs from herds with no or low levels of Salmonella, 1999. a: the group consisted of 10 finishers delivered jointly to the abattoir. b: herd serology was defined as percentage of positive samples taken in the herd 3 months prior to the study (cut-off 40 OD% was used for evaluation of the individual meat-juice samples). serology (OD%>60) was associated with a 2.2 times higher odds of finding Salmonella in the carcass swab compared to a low individual serology (OD% ≤60) (p=0.0034). Medium and high levels of herd serology (HERD_OD%>10) were associated with an OR of 15.2, and low levels of herd serology (0<HERD_OD%≤10) with an OR of 5.9 compared to individuals originating from a seronegative herd (HERD_OD%=0; p=0.0161). Pigs slaughtered at abattoir A had 4.3 times higher odds of having Salmonella in the carcass swab compared to abattoir C, whereas pigs abattoir B resembled abattoir C (0.0227). There was no effect of group serology (p=0.41).
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A multiple regression analysis of finishers from Level 3 demonstrated that there was no association with serology no matter how it was measured. The only significant difference occurred between abattoirs (p=0.0198). Abattoir A was associated with an OR of 0.23, and abattoir B with an OR of 13.8 compared to abattoir C.
The association between findings of Salmonella in the caecal-content and on the carcass for the 3 abattoirs was studied, divided according to Salmonella level of the herd (Level 1-2 / Level 3) ( Table 2 ). For Level 1 and 2, cross-contamination occurred at abattoir A (irrespective of Salmonella level), because the 7-12% of finishers that were negative for Salmonella in the caecal-content were positive on the carcass. Contrary, cross-contamination only occurred to a minor degree at abattoir B and C. For Level 3, cross-contamination occurred at all 3 abattoirs. However, abattoir A managed to slaughter the Level 3 finishers in a way that resulted in a much lower prevalence of Salmonella (7.2%) compared to the other 2 abattoirs.
Discussion
The results of the multiple regression demonstrated that for Level 1 and 2 finishers, there was a statistical significant association between individual and herd serology and the probability of finding Salmonella on the carcass. For individual serology, an OD% above 60 was associated with a doubling of the odds compared to levels ≤60. For herd serology, levels above 10% samples (last 3 months results evaluated at an individual cut-off of 40 OD%) were associated with a 15 times higher odds compared to finishers from a seronegative herd or a herd with very low herd serology (1-10% positive samples). This is in concordance with Alban & Stärk (2005) who also found in a simulation model of Salmonella from farm to fork, that there was sufficient Salmonella in Level 1 to constantly fuel the abattoirs with Salmonella. At the time the study was conducted, an individual cut-off of 40 OD% was in place, and sanitary slaughter was applied to herds with a herd prevalence >33% for large herds and >50% for medium and small herds (Mousing et al., 1997) . However, according to the present results, if herd serology should be used to effectively keep the input of Salmonella into an abattoir down to a minimal level, then herd cutoff for entering Level 3 should be reduced substantially, down to 10% (when evaluated at an individual cut-off of 40 OD%). This is from an economically point of view not feasible, nor logistically possible as demonstrated by Nielsen et al. (otherwise in this proceeding) .
The ordinary slaughter on abattoir B of finishers from herds very recently allocated to Level 3 resulted in an unacceptable high prevalence of Salmonella on the carcasses (73% - Table 2 ). In 2001, this problem was reduced by introducing a weighting in the national surveillance, whereby the most recent month counted 3 times as much as the 2 previous months. This has resulted in a quicker assignment to a higher level when a herd seroprevalence is increasing, and likewise, a sooner assignment to a lower level when Salmonella reducing initiatives have been implemented in the herd (Alban et al., 2002) .
The large difference in Salmonella positive carcasses between abattoirs emphasizes the need for abattoir-specific projects aiming at reducing Salmonella. 
